M-12143 US 
793036 



EXPRESS MAIL LABEL NO: 
EL 884 816 132 US 



ANGLED CONNECTOR 
Darin P. Smedberg 

FIELD OF THE INVENTION 

[0001] This invention relates to coaxial cable connectors and in particular to such a 
connector wherein the coaxial cable exits from the body of the connector at an angle, 
M= thereby to increase the accessibility of each connector and to decrease the protrusion 

££5=. 

O depth associated with groups of such connectors. 

^ DESCRIPTION OF RELATED ART 

:§ [0002] Coaxial assemblies for telecommunication applications, such as DS-3 include 

L many forms: straight, right angle, 735 A cable, RG1 79 single shield, RG 1 79 double 

N= shield, positive latch SMB and conventional SMB. SMB connectors were developed to 

S provide a quick connect/disconnect interface with a push on/pull off capability. SMB 

O connectors conform to the requirements of a military specification MIL-C-3901 2 and the 

interface is in compliance with a military specification MIL-STD-348. Normally a 
female SMB connector (e.g., a SMB plug) plugs onto a male SMB connector (e.g., a 
SMB jack). SMB connectors may be used to couple two networking equipment using 
coaxial copper cables. In one application, SMB plugs at the ends of coaxial cables are 
connected to SMB jacks on a printed circuit board (PCB) of a universal access platform 
or other networking equipment, at a central office of a service provider or a remote box a 
a customer site. Such a PCB includes rows and columns of SMB jacks packed closely 
together to reduce space usage. Typically, the coaxial cables are attached to the plug 
either perpendicularly or coaxially with the axis of the plug. However, a perpendicular 
attachment limits the density of plugs which be attached to a PCB and thus requires a 
larger area than desired for a given number of plugs. The coaxial attachment results in 
coaxial cables protruding into an aisleway where the cables might be bumped and thus 
dislodged or broken. 

[0003] The prior art includes what is known as a Bayonet-Neill-Concelman coupling 
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mechanism wherein a rotatable collar is inserted over a male fitting and rotated 
approximately a quarter turn to lock protrusions on the male fitting into angled slots on 
the rotatable collar. The coaxial cable exits from the body of the structure supporting the 
rotatable collar at an angle, such as 45°, However, this structure is bulky and large so as 
to be able to be turned by a person's fingers, and thus this structure is capable of being 
used only in low density applications. 

SUMMARY OF THE INVENTION 

[0004] In accordance with some embodiments of the invention, a SMB plug has two 
portions that are angled relative to one another, specifically a main body and a wire exit 
extending approximately 45 degrees from the main body* Presence of such an angle 
allows the pitch of a two dimensional array of angled SMB plugs to be smaller than in the 
prior art, resulting in an increased density and increased reliability than the industry 
currently offers. The angled structure of the SMB plugs of the type described herein also 
allows easy management (mounting and dismounting) independent of one another. The 
main body is tubular and has a diameter that is approximately 89 percent of a pitch 
between (i.e. the distance between the centerlines of) two SMB plugs mounted adjacent 
to each other (hereafter "adjacent SMB plugs") in one specific embodiment. The wire 
exit is also tubular and has a diameter that is approximately 59 percent of the pitch 
between two adjacent SMB plugs in this particular embodiment. Such dimensional 
relations apply only to a 45° angle plug and can be different in other embodiments. 

[0005] The dimensions of the angled SMB plug are selected to create sufficient clearance 
between adjacent angled SMB plugs in a two dimensional array to allow each angled 
SMB plug to rotate to the right or the left without interfering with adjacent angled SMB 
plugs in the same column. The angle between the coaxial cable exiting from the plug and 
the centerline of the plug reduces the protrusion depth of the coaxial cables connected to 
the plug compared to cables coaxially aligned with the plugs and thus reduces the 
possibility of damage or inadvertent disconnecting or breaking of a plug. Thus, cables of 
all but one SMB plug in a group of SMB plugs in a two dimensional array can be rotated 
away (in different directions), to make room for a person's hand (or a tool) to hold and 
dismount the unrotated SMB plug. Thus any SMB plug can be mounted or dismounted 
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without affecting any other SMB plug. In one embodiment, cables exit at 45° from the 
plugs thereby reducing coaxial cable protrusion by approximately 50% compared to 
cables coaxially aligned with the plugs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 shows a side view of an angled SMB plug in accordance with some 
embodiments of the invention. 

[0007] FIG. 2 shows a perspective view of columns and rows of the SMB plugs of FIG. 1 
mounted to a printed circuit board in one embodiment. 

[0008] FIG. 3 shows a side view of several angled SMB plugs of FIG. 1 mounted on to a 
column of SMB jacks on a printed circuit board in one embodiment. 

[0009] FIG. 4 shows a front view of columns and rows of the SMB plugs of FIG. 1 
mounted to a printed circuit board in one embodiment. 

[0010] FIG. 5 A shows a side view of the SMB plug with an attached coaxial cable in one 
embodiment. 

[0011] FIG. 5B shows a back view of the SMB plug along line 5B-5B in FIG. 5 A in one 
embodiment. 

[0012] FIG. 5C shows a top view of the SMB plug along line 5C-5C in FIG. 5 A in one 
embodiment. 

[0013] FIG. 5D shows a perspective view of the SMB plug in one embodiment. 
DETAILED DESCRIPTION 

[0014] FIG. 1 shows an angled female SMB coaxial plug 100 of certain embodiments of 
the invention. Plug 100 includes (1) a tubular main body 102 along an axis 106, and (2) a 
tubular wire exit 1 14 extending from main body 102 along an axis 118. In one 
embodiment, an angle Ac between axes 106 and 118 is 45° although other embodiments 
use any value in the range of 45° + 20° (depending on diameter C) (FIG. 1). Main body 

102 is chamfered to produce an end surface 1 12 at an end that is to be located away from 
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a printed circuit board to which plug 100 will be coupled. In one embodiment, an angle 
A b between end surface 112 and axis 106 is also 45 °, and again other embodiments may 
use a value in the range 45° + 20°. The specific angles may be chosen to be of any value 
so long as end surface 1 12 is parallel (or substantially parallel) with wire exit 114. 
(within ±5°.) 

[0015] Main body 102 includes a snap-on coupling mechanism that allows plug 100 to be 
quickly connected and disconnected from a male SMB jack. The snap-on coupling 
mechanism is different from, e.g., a Bayonet-Neill-Concelman coupling mechanism 
found in BNC connectors but similar or equal to standard SMB plugs. 

[0016] Main body 102 has an outer diameter B and wire exit 114 has an outer diameter 
C. In one embodiment where angle A = 45°, outer diameter B is at most 89% of a pitch P 
and outer diameter C is at most 59% of pitch P. Pitch P is the smaller of a pitch P x along 
the x-axis and a pitch P y along the y-axis of a two dimensional array of SMB jacks on a 
printed circuit board (described later). Note that P x and P y can be equal, depending on the 
embodiment. 

[0017] Angle Ab between main body 102 and wire exit 114 allows a number of such 
plugs 100 to be mounted in a two dimensional array at a pitch P smaller than the prior art 
pitch required between adjacent prior art 90° plugs. At the same time an angled plug 1 00 
of the type described herein facilitates easy management of cables exiting the plugs 100 
when mounted in a two dimensional array (at the same pitch in both dimensions). 

[0018] For clarity, FIGS. 5A to 5D show additional views of plug 100. FIG. 5A shows a 
side view of plug 100 with a coaxial cable 400 attached to wire exit 1 14 by an optional 
ferrule 200. In other embodiments coaxial cable 400 can be attached to wire exit 1 14 by 
other means. FIG. 5B shows a back view of plug 100 along line 5B-5B in FIG. 5 A. FIG. 
5C shows a top view of plug 100 along line 5C-5C in FIG. 5 A. FIG. 5D shows a 
perspective view of plug 100. Visible in all these views is the chamfering of main body 
102 that produces end surface 112 that is at least substantially parallel with wire exit 114. 

[0019] FIG. 2 shows a perspective view of multiple plugs lOOxy (where x and y 
respectively denote the column and row positions of the connector) mounted to a PCB 

-4- 



M-12143 US 

793036 



800. As can be seen, coaxial cables 400xy from plugs 100 trail off at an angle initially at 
45 degrees relative to PCB 800. When PCB 800 is vertically mounted to a rack of 
networking equipment and the workspace between racks is minimal, the angled coaxial 
cables 400 from plugs 100 are less likely to protrude for a large distance from PCB 800 
as compared to prior art, and, intrude less into the workspace and a craftsperson is less 
likely to accidentally bump into and damage or detach the coaxial cables. Furthermore, 
the gentle angle at which coaxial cables 400 trail off causes less strain on the coaxial 
cables, as compared to the prior art. 

[0020] FIG. 3 shows a side view of a column of a two dimensional array of angled SMB 
plugs 100 mounted to multiple SMB coaxial jacks 700. Jacks 700 are located on PCB 
800 in one embodiment. Jacks 700 are separated by pitch P y (e.g., 0.350 inches). As can 
be seen in FIG. 3, adjacent plugs 100AB and 100AJ are separated by a clearance 200 
between end surface 1 12 of plug 100AB and wire exit 1 14 of plug 100AJ created from 
angles A b and Ac, and diameters B and C. Thus, each plug 100 can rotate at least 90° to 
the right or the left without interfering with adjacent plugs 100 in the same column. 

[0021] FIG. 4 shows a front views of columns and rows of plugs 100 mounted on PCB 
800. In one embodiment, columns of plugs 100 are separated by pitch P x (e.g., 0.350 
inches) and rows of plugs 100 are separated by pitch P y (e.g., 0.350 inches). Plugs 100 in 
each column have their wire exits 1 14 oriented in the same direction (for example, in a 
downward direction). 

[0022] As previously described, each plug 100 can rotate at least 90° to the right or the 
left without interfering with another plug 1 00 in the same column because of clearance 
200. In any case, a single plug 100 can be removed from PCB 800 by merely rotating 
instead of removing other plugs 100. Similarly, each plug 100 can be mounted to PCB 
800 without dismounting other plugs 100 on PCB 100. 

[0023] Although the invention has been described with reference to particular 
embodiments, the description is a representative example and should not be taken as 
limiting. For example, main body 102 and wire exit 114 may be made of non-tubular 
shapes. In addition, it may be possible to use an angled male SMB coaxial jack with a 
straight female SMB plug instead of an angled female SMB plug with a straight SMB 
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jack. Furthermore, the angle between main body 102 and wire exit 114 can be selected to 
be any angle other than 0° and 90°. The 0° angle results in a straight connector of the 
prior art, and use of a number of such connectors in a two dimensional array is limited by 
the attendant difficulty in managing cables that exit straight out of the connectors. The 
90° angle results in a right angled connector of the prior art, and a number of such 
connectors cannot be mounted in a two dimensional array of equally spaced rows and 
columns due to cables that exit parallel to a board on which the 90° connectors are 
mounted. These problems are eliminated by use of a connector that is angled (at, e.g. 
30°, 45°, or 60°) relative to the board. 

[0024] Angles much above 75° do not produce much gain in the decreased protrusion off 
the PCB. Angles below 25° require such a small diameter C that "off the shelf cables 
can not be used. Table 1 below lists additional angles Ac and corresponding maximum 
diameters C for plug 100 in other embodiments. 

[0025] Table 1 



Angle Ac 


Maximum diameter C 


25° 


0.120" 


30° 


0.150" 


35° 


0.175" 


40° 


0.185" 


45° 


0.200" 


50° 


0.220" 


60° 


0.250" 


75° 


0.280" 



[0026] Various other adaptations and combinations of features of the embodiments 
disclosed are within the scope of the invention. Numerous embodiments are 
encompassed by the following claims. 
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